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PART I
I NTRODUCTION

Jc
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I NTRODUCTION TO THE CLINICAL INTERPRETATION OF RETINAL
VASCULAR LESIONS I N HYPERTENSION
An elevation of the systemic blood pressure is

probably accompanied by a rise in the blood pressure in
the retinal arterioles and these may or may not be proportional to the rise in the blood pressure of the brachial artery. Bailliart (10). Elevation of the svstemic
V

blood pressure, and presumably then pf the retinal blood
pressure, is usually associated with structural changes
in the retina or in its vessels. Therefore, an ophthalmological examination of individu als with increased blood
-l-

pressure can be of considerable value in differentiating
various types of systemic diseases in which an increase
of blood pressure occurs. It is as sumed that the condi-

-l..

tion of the retinal vessels is parallel to the condition of the arteries in the rest of the vascular system.

,,!.

Wagener and Keith. (124)
It is the main purpose of this paper to present
the character and significance of the retinal lesions
as s ociated with hypertensive disease.
The full significance of t he lesions of the
retinal vessels and the retina which occur among people

1.

who have increased blood pressure will be known only when
their detailed pathogenesis is proven. At this time the

'(
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retinal pictures typical of chronic or rapidly progressing hypertensive disease have not been reproduced in truly characteristic form or c ourse in experimantal animals.
Lesions have been observed in the eyes of experimental
animals with experimental hypertension. Keyes and Goldblatt. (65). These simulate the lesions seen in association with hypertension in man. The conception that a toxic
substance circulation in the blood is responsible for the
lesions in the retina, commonly designated asifretinitislfl,
and that the kidney is the source of this toxic substance
is most widely accepted.
)

Retinal edema has been produced experimentally
by the intracarotid injection of a nephrotoxin which has
its primary eff ect on the retinal pigment. Wagener (119) .

1-.

Vithin the past twenty years considerable change has occured in the conception Qf the nature, the mode
of origin and the clinical interpretation of retinal

4-

lesions which are associated with Essential Hypertension
and Chronic Nephritis. Retinitis of the "albuminuric 11
type was always consid ered to be diagnostic of Chronic
Nephritis. Except in the case of Nephritis of Pregnancy
it was thought to occur almost always in the· terminal
phases of the disease.
With the general acceptance of the entity of
Essential Hypertension, it was realized that sclerosis

-,,-
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of the retinal arteries was a more or less constant
finding in cases of uncomplicated hypertension; but
when hemorrhage, edema or exudation appeared in the
retina in which there was evidence of arteriosclerosis,
it was assumed that either a primary or a complicating
nephritis was responsible for the retinitis.
Since 1916, with the general acceptance of
the idea of an ischemic or angiospastic retinitis,
Volhard (110), it has become evident that the vascular
types of retinitis are associated with hypertension,
and its causa tive or secondary arteriolar lesions, and
,J_

have little or no direct relationship to the retention
in the blood of nitrogenous waste products resulting
from renal insufficiency. Retinitis rarely occurs in

J,_

urea retention cases of prostatic obstruction, hydronephrosis or pyelonephrosis. Wagener (118).
A detailed consideration of the changes

,i.,

visible in the retinal arterioles will enable the physician to determine whether a simple increase in the tone

,._

of the arterioles is being dealt with , or whether this
increase in the tone is combined with chronic medial
hypertrophy or with localized angiospasm or with both.
It is thus possible to judge with considerable accuracy
from the appearance of the retinal arterioles alone
-3-

as to the duration, type, severity and progressive
character or the hypertensive disease in individual
cases.

-4-

PART II
HISTORICAL RESUME

HISTORICAL RESUME
In 1733 an English Clergyman, Stephan Hales,
used a glass tube attached to the artery of a horse as
the world's first sphygmomanometer. The instrument used
today was devised by Riva-Roci in 1896. It was world
popular by 1910, and by that date hypertension was an
established clinical entity.
Probably the first to report an observation
of retinitis in a case of nephritis was von Graefe in
1855. In a case of Bright's disease during the puerperium, he described very extensive white exudative
plaques in the retina. He also described a detachment
of the retina in the same case.
The first detailed description of

11

albumin-

uric retinitis 11 was published by Liebreich (75), in
1859. He mentioned narrow arteries, full and tortuous veins, edema of the disc and retina, hemorrhages,
punctate exudates and larger grayish-white lesions we
now speak _of as "cotton-wool" patches.
In discussing pathogenesis of "The Retinitis
Associated with Albuminuria", Allbut (3), wrote in 1871:
"The retinitis never preceeds nephritic degeneration as
Laudouzy supposed, yet, so silently may shrinking of
the kidney go on, that enfeeblement of the sight may
- 5-

not infrequently be the first symptom which leads the
sufferer to a physician: and the physician who begins
by examining the eyes for spectacles ends by discovering interstitial nephritis. Indeed, the retinitis, so
far from being a forerunning symptom, would seem from
my experience to be an evidence, rather of decided or
adv anced d isease, and would lead me to g ive a very un favorable g eneral prognosis. But common as arterial
degeneration is in advancing life, I have never yet
heard of this condition, apart from t he granular kidney, being accompamied by the form of retinitis c a lled
11

albuminuric u . This expiBessed the at t itude of most

internists a nd ophth almolagists for t he following fifty
years. Most internist tod ay agree tha t a retinitis of
the

11

a l bumi nuric 0 type can occur in cases wher e no

renal insuff iciency can be d emonstrated. Ellis and
,1 arrack ( 26 ) •
Two ma in theories re garding the ori gin of
"Albuminuric" retinitis have been proposed, the toxic
and the vascul~r or circulatory. Neither has been definitely proven to d a te. The most rec ent work was done
b y Koyanagi

(68 ), in 1937. The most log ic a l explain-

ation of the mode of ori g in of "albuminuric 11 retinitis
seems to be that of Volhard (109 ), who regards both the
arteriolar sclerosis and the retinitis as a result of
- 6-

ischemia due to spasm, called angiospasm. It seems to
be most plausible to the retinal complications of hyper trophy and nephritis.
The study of retinal vessels in the absence
of nephritis as an aid in the diagnosis of systemic
diseases started with Gowers in 1876. He noted a decrease in the size of the retinal arteries in chronic
Bright's disease . This trend of thought still holds
for the retinal vascular lesions in systemic diseases
today.

-7-

PART III
CONSIDERATION OF
SYSTEMIC BLOOD PRESSURE IN MAN

CONSIDERATION OF SYSTEMIC BLOOD PRESSURE
Physiol ogy of Blood Pressure
"Normal" blood pressure is hard to define in
terms of millimeters of mercury. The blood pressure varies
with age, sex, health and emotional state. Clinically,
if the blood pressure is over 150 mm . mercury on systolic, or over 90 mm. mercury on diastolic, pathological
hypertrophy is indicated regardless of the age of the
person .
Physiologic a lly the blood pressure of the
normal resting person is kept cons tant b y the influences of the aortic and carotid sinus rierves and their
impulses to the cardiac and vasomoter centers in the
medulla, by the secretion of epinephrine and by the
intrinsic tone of the peripheral arterioles.
Blood pressure is defined as the lateral
pres sure exerted on the walls of the blood vessel and
it is the product of cardiac output and peripheral
resistance.
Blood pressure is decreased by a decreased
cardiac output or by a decrease in peripheral resistance. The cardiac output depends on the venous return
fl ow to the heart, on the force of the heart and on the
frequency of the heart beats. The blood pressure will
be raised if the bloofolume is raised. The blood
-8-

volume is kept constant through the adjustment of
the fluid interchange between blood plasma and the
tissue spaces and through regulation of the secretion
of the urine and sweat. The contractile and reservoir
function of the spleen is also a factor in the maintenence of the normal blood volume of the circulating
blood . Capillary tone is important in maintaining
blood volume for if it is decreased there is a pooling of blood in the capillaries and the blood pressure
decreases. Conversely, the elasticity of the arterial
walls is also a factor in maintaining normal blood
pressure. Loss of elasticity of the arterial walls
leads to the production of the "water- hammer" pulse
with high blood pressure .
The vasomotor center in the medulla is under
the control of high cerebral centers to the extent that
various emotions can influence the general blood press ure. A decrease of the oxygen content of the blood will
increase the blood pressure . A decrease in the carbon
dioxide content of the blood will cause the blood pressure to decrease. A rise in the aortic pressure will decrease the heart rate and increase the blood pressure by
means of the reflexes of the carotid sinus and aortic
sinus.
-9-

A fall of the blood pressure increases, and
a rise in blood pressure decreases the secretion of
epinephrine. The eye is supplied by vasoconstrictor
nerves through the cervical sympathetics. No vasodilator nerves have been found in the eye. Best and Taylor.

(12).
The average systolic pressure of young adult
males is 120 mm. Hg .; the diastolic is 80; the mean
pulse pressure is ~0 and the mean pressure is 100. The
pulse pressure is therefore one half the diastolic and
one third of the systolic, and the normal ratio of systolic, diastolic and pulse pressure is 3 - 2 - 1, respectively. These ratios hold only at the levels mentioned .
Best and Taylor. (12).

-10-

Classification of Hypertension
In considering the normal and the abnormal
blood pressure, Best and Taylor {12), state, "It is
diff icult to draw a sharp dividing line between the
normal and the abnormal, but an elevation above the
average normal for a particular age otp-5 mm. Hg. in
the systolic and 8 mm. Hg. in the diastolic may be
considered to be definitely abnormal."
Freedman (31), states that the elevation of
the diastolic p ressure over 90 mm. Hg . constitutes
the criterion for hypertension.
In 1939, Williams and Harrison, {128), presented a classification of hypertension which seems to
include most of the etiological causes. No attempt was
made to dif f erentiate b etween underly ing and aggravating causes. Their classification is reproduced below.
I. NEUROGENIC
• Psychogenic: a. Psychoneurotic
b. Stress & stra in
B. Medullary:
myelitis

a. Diphtheria b. Polioc.Encephalitic

C. Increased intracranial pressure
D. Reflex: a. Carotid sinus
depres s or nerves
-11-

b. Aortic

c. Ischemic muscle

II. ENDOCRINE
A. Pituitary: Cushing 1 s syndrome
B. Adrenal
C. Diseases of renal arteries: a. Atheroma
b. Arteriolar sclerosis

c. Infarcts

d. Periarteritis nodosa
D. Tumors of Kidney : a. Wilm's tumor
E. Coarctation of Aorta
F. Renal calculi
G. Amyloid Disease
H. Mercury and Lead poisoning
I. Polycythemia
III. RENAL

A. Acute and Chronic Glomerulonephritis
B. Obstruction of urine flow: a. Anomalies
b. Stricture. c. Pelvic tumors

d. Spinal

bladder.
. C. Urinary tract infect i ons: a. Pyelitis
b. Pyelonephritis
IV. METABOLIC
A. Gout
B. Hypercholesterolemia

V. CONGESTIVE HEART FAILURE
VI. MIXED GROUP
A. Essential Hypertension

Hypertension
-12-

B. Malignant

C. Toxemia of pregnancy

PART IV
CONSIDERATION OF
THE NORMAL FIJNDUS OCULI

--

CONSIDERATION OF THE NORMAL FUNDUS OCULI
Normal Fundus
A convenient way to measure distance on the

fundus is by using the diameter of the optic disc as a
scale. The average disc is 1.5 nnn. in diameter. The
abbreviation P.D. is often used for the words papillary
diameter. In measuring elevation from the fundus three
diopters is equal to one nnn. The optic disc is circular
or oval in shape and is usually a light pink color. The
border of the disc usually shows a rin g of white, and
this represents the scleral edge. Often a ring of pigment or a crescent of pigment is seen just peripheral
to the white ring at the temporal side. The temporal
half of the disc is usually of paler color than the
na sal h a lf. The c enter of the disc is often white due
to the t h i nning of the nerve fibers tha t enter the ey e
a t this point. This centra l p a l e area is phy siologically
cupped and the amount of cupping varie s f rom pe r son t o

person. Clinically,five things are usually investi gated
re gar d ing the disc; the size, shap e, mar gin, color and
l evel. The normal disc is thus described as round or
oval, pink, of normal size, with or without pigment ed
margin, and usually presents the physiological cupping
with the visible lamina cribrosa.
-1 3 -

Retinal Vessels
The retinal vessels are derived from the
central artery and vein. The central artery is 1/lOth
mm. in diameter at the point where it penetrates the
optic disc. The veins are slightly l a rger than the
arteries and they lie on the most anterior layer of
the retina. Only the finer branches of the veins penetrate into the retinal tissue. The central artery and vein
divide into two branches near the surface of the optic
disc, and each branch, the superior and the inferior,
divides into two again, and one branch sweeps to the
nasal side of the retina as the other goes to the temp/

oral side. The vessels continue to divide as do the
branches and twigs of a tree. The arterioles of the
retina are

11

end-arteries" and thus do not anastomose.

Normally an arteriole does not cross another arteriole.
In health the artery is a brighter red than the corresponding vein and the normal ratio of the diameter of
artery to vein is 3 to 4 or 4 to 5. Allen (4). The
sheaths of the arteries and the veins unite as they
cross. The greatest number of arterio-venous cros sings
are in the upper half of the temporal side of the retina.
In 70% of the crossings the artery lies over the vein.
Jensen ( 56).
-14-

Norrnally the arterioles of the retina are composed of
intima, elastic tissue, muscularis and adventitia. The
venuoles have no muscular coat but are rich in elastic
elements. As the person grows older the connective tissue
and the elastic elements increase in the vessels. The
sheath of the vessel is often called the perivascularis.
The sheath is transparent except in vessels on or near
the optic disc. The color that is perceived when looking at a vessel is due to the blood column in the vessel.
It is not due to the coloring of the vessel itself. At
the arterio-venous c r ossings one sees the column of
blood in the lower vessel through the sheath of the
overlying vessel. The reflex stripe in the center of
the larger vessels is simply a highlight. The stripe
at the side of the blood vessel is, however, due to
the lighted vessel wall and not to a highlight. Allen (4).

-15-

Macula Lutea
'fhe ma cula lutea is by definition, "The yellow
spot on the retlna, abou t 1/12 inch (2.08 mm.) to the outer side of the optic n e rve exit, the exact center of the
retina, area of acute or central vision."

Taber (106).

The macula is thus about 2 P. D. to the temporal side of
the disc.

It is usually circular in shape and a deeper

red than the rest of the retina.

The fovea is a pit-

like depression in the center of the macula and at this
spot there are no vessels.

The macular region is supplied

by t wigs from the superior and inferior temporal arteries
and by smaller twigs coming straight from the disc.
Parsons (95).

The nasal branches avoid the macula in

their sweep to the nasal side.

Allen (4).

See figure I.

Col or of the Fundus
The fundus color has been classified into three
groups by Adams (1).
the various races.
1.)

These colors are found to differ in
Duane (23), Boyd (1 3 ).

The Uniform Stippled Fundus.

This fu~dus has a

red, bro~m-red or black-brown tone according to
the amount of pigment in the retina.

The layer of

pigment epithelium contains such dense pigment that
the choroid beneath it is completely hidden.

-16-

2.)

The Tessellated Fundus.

This type of fundus

has less pigment in the epithelial lay er .

Consequently,

the choroid markings can be seen.
3 .)

The Albinotic Fundus.

The pigment epithelium

has little or no p igment so t hat the choroidal markings are visible.

The choroidal vessels a pp ear as dark

bands and c an be recognized by the absence of the light
reflexes, their deeper position and their many anast omoses .

Adams (1).

-17-

PLATE I
This is a normal tessellated or tigroid
fundus, right eye of a brunette Italian woman, 36
years o f age .

Both eyes are normal throughout .

disc is clear cut in outline and normal in color.

The
The

physiologic a l excavation is paler and more marked than
is often seen; and its contour is of the general "morni ng glory" type.

The vessels are more tortuous than us-

u al, but they show no pathological change.
str e a k s are not especially pronounced.

The light

The pigment is

denser around the disc than in the periphery, and it
forms an irre g ular, dark, concentric line on the temporal side of the disc.

The macular region is usually

a deeper red than the rest of the fundus and it has a
d istinctly granular appearance .

The tessellated a pp ear-

ance is es p ecially marked in the periphery of the fundus
where the choroidal vessels a ppe ar as flat, ribbon-shaped,
li ght red streaks; while the pigment of the choroid appears
as darker i s lands in ,t he inter-vascular s p aces.

Students

are sometimes puzzled by the appearance of the tessellated fundus and confuse it with a beginning choroiditis.
The choroid plays an imp ortant part in p roducing the general color and pattern of this fundus.
p late taken from p late 6 .) Wilmer (129).

-18 -

(Description and

PLATE I

NORMAL FUNDUS

Figure 26 from

ilmer-(129)

PART V
RETINAL LESIDNS MANIFEST

IN
DISEASES ASSOCIATED
WITH
HYPERTENSION

RETINAL LESION MANIFEST I N DISEASES ASSOCIATED WITH
HYPERTENSION
Angiospasm
Irregularly placed, localized narrowings of
the lumen of the arterioles have been demonstrated definitely in many instances to be of transitory spastic,
rather than permanent organic nature.

Mylius (87).

In the present state of our knowledge it is not always
possible to distinguish actively spastic from permanent
organic localized narrowings of the arterioles at a single ophthalmological examination.

In a constriction

that is actively spastic the vessel wall is usually less
visible at the point of excess narrowing than it is in
the rest of its course.

This may be due to edema in

the surrounding retina.

Wagener (119).

The narrowing

of the arterioles may be the precursor of acute retinitis in hypertensive toxemia of pregnancy, in acute
vasospastic disease with hypertension and in some cases
of glomerulonephritis .

Wagener (119).

In certain patients localized points of constriction may be seen in the retinal arterioles as evidence of localized endarteritis or atherosclerosis.

This

is usually seen in elderly patients usually in the larger
-19-

a rterioles near the margin of the disc and usually in
the absence of lesions of the hypertensive type in the
rest of the retinal arterioles.

Occasionally an actual

sclerotic plaque is seen at the point of constriction ;
but usually the diagnosis of such constrictions as
"atherosclerotic" is established by inference only, and
i s not proven.

It is best to think of all such localized

narrowings as of spastic or p ostspastic nature unles s the
pres e nce of an arteriosclerotic plaque can be demonstrated
definitely.
A p icture resembling "retinitis of arterio sclerosis" may be seen in the terminal phases of angiospastic retinitis, especially if the edema has been scanty and confined to localized areas.
the cotton-wool patches absorb.

In this retinitis

The flame - shaped hemorr-

hag es give way to scattered single or multiple groups of
punctate exudates and these may remain a longtime before
they disappear .

La ter the retinal arterioles lose their

angiospastic tendencies.

If this lesion is associated

with sclerosis of the arterioles, it ma y lead to the
erroneous diagnosis of aretinitis of arteriosclerosis".
Acute angiospastic retinitis was found to be
the most characteristic retinal finding in b6 cases of
chronic glon1erularnephritis .

This angiospastic retin-

itis was present without chronic scl e rosis of the arter-

-20-

ioles.

Graham (43).

The onset of retinitis of a pure-

ly acute angiospastic type without chronic sclerosis of
the retinal arterioles is an extremely grave prognostic
sign .

The mean duration in such cases is four months

after the first di agnosis is made.

The fulminating case

of acute glomerulonephritis may have a vasospastic retinitis due to the sudden increase in the blood pressure .
Sundell and Nankivell (105).
Luigi (77) reports a case of angiospastic
retinitis as being due to an imbalance of the endo crine and neurovegitative systems.

The patient was a

37 year old female who showed edema of the fundus especially in the region of the papilla.
we re noted as pale.

The arteries

The retinitis disappeared com-

pletely with ovarian treatment.
Angiospasm may be intermittent or continuous.
The former lasts from a fraction of a second to a minute .

These may aff ect only a small segment or~ large

part of an arteriole, and they may proceed in wave form.
The latter lasts minutes to days or w~eks and involves a
small part or all of the central a rtery.

The commonest

type is a variation in the caliber of the arteriole.

A

differentiation of true spastic variations and caliber
must be made from the shifting· light reflexes on the vessels, and in variations due to the obliquity of the course

-21-

of the light rays. Arterial pulsations must likewise be
differentiated from angiospasm. The blood pressure is
found to range from 150/84 to 230/146 with an average
pressure of 167/98. Tonic spasm manifests itself by a
continuous irregularity in the caliber of the vessel.
Often t he re is seen a slight blurring of the margin of
the disc. Selinger (9 9) .
The functional changes in the retina and the
retinal arteries are an almost constant accompaniement
of toxemia of pregnancy, and if it is very marked it
may indicate severe kidney dama ge. If these changes occur
before the 28th week of pregnancy they lead almost invariably to permanent cardio-vascular-renal disease . in
the mother. 25% of the living babies in toxemia of pregnancy are born when the toxemia develops at the early
stage. Wagener (120), Hallum (48). If the eyegrounds
go on to sclerotic changes, future pregnancies are contraindicated. When angiospastic changes occur late in pregnancy the prognosis is not so grave.
The factor of angiospasm in Essential Hypertension is discussed· in the section on that disease.
Laughlin, Thomas and Friedenwald (72), correlated the histological changes in the retinal arteries
of experimental hypertension in the dog with the ophthal-22-

mological findings. By this method it was shown that
localized arterial constrictions seen ophthalmologically
may occur either with or without corresponding histological changes. Conversely, pathological findings may exist
without clinical constriction. When arterial constrictions are found without organic changes in the vessles
they are due to angiospasm. According to Shelburne, Hawly
and Mc Gee (101), angiospasm never occurs except in the
case of hypertension.

-23- -

Sclerosis
It appears that all the branches of the central
retinal artery that are visible ophthalmoscopically in
the retina, fall within the size limit of artertioles and
should be so designated. Sclerotic lesions observed in
retinal vessels should be considered as indicative of
sya temic arteriolosclerosis and not arteriosclerosis.
Wagener (119).
Gunn, i n 1898, was of the opinion that certain
retinal changes in the arteries were localized lesions
of a generalized arteriosclerotic precess occuring throughout the body. Gunn ( 47).
In 1916, Moore (81) showed that there was a
rela tionship between an increase in the systolic pressure
and the extent of retinal arteriosclerotic changes.
Normally the aging sclerotic process of the
retina l arteries is very slow. Agatston (2). Senile sclerosis may be associated with senile atrophy of the optic
nerve. It affects the vision usually only when it becomes
suff iciently advanced to interfere wi th the nutrition
of the retina. Wagener (114). After 60 years of a g ~most
people show los s of some translucency of the vessels and
t h ere is thickening with narrowing of the retinal arterioles. If these changes are absent i t is an exceptional
- 24 -

case. Gipner (41). No actual reduction in the blood vessel lumen occurs but the appearance of such is caused by
the decreased transparency of the walls so that less of
the blood column is seen in the vessel. Wagener (113).
It is valuable to grade sclerosis as well as
to note its presence. In distinguishing the sclerotic
from the spastic lesions the presence or absence of definite exaggeration of the arterial reflex is of considerable aid. An increase in the degree of sclerosis present
on successlve examinations usually indicates a progesssive hypertension even in the absence of a retinitis.
Sclerosis probably advances in stages as the result of
repeated angiospastic episodes. The generaliz ed narrowings of the arterioles, so characteristic of the early
and active phases of hypertensive disease, may disappear
in the more chronic phases and leave localized irregularities, arterio-venous compressions, as the only evidence of the previous hypertension . Shelburne, Hawley and
McGee (101). Such findings are indicative of the presence
of diffuse arteriolar disease, even if the value of the
blood pressure is low or normal at the time of the examination, for as Wagener (118), has said, "The presence
of localized irregularities, with or without arteriovenous nickings, with or without an increased reflex
stripe and without generalized arteriolar constriction,
should be regarded as evidence of a chronic hypertensive
-25-

disease which has los t its angiospastic features".

ELATE I I

RETINAL ARTERIOSCLEROSIS
Right eye of man 52 years old.
Physical Exam: Beginning arteriosclerosis ,with hypertension. B.P. 190/80. Lab report: Negative.
Ophthalmological exam: Disc is a trifle pale and the
nasal margin is blurred. On the temporal margin there
is a marked scleral ring surronded by a thin ring of
pigment. The arteries are solid looking, their confirmation is irregular, and the light streaks are increased
in width. In the macular branches of the superior and
inferior temporal arteries, there is segmentation of
the blood column, with definite arterial pulsation.
The veins are slightly enlarg ed, irregular in caliber
and compressed where crossed by the e rteries. There
is a small hemorrha ge in the macular region. Description
and plate from plate 56, Wilmer (129).

- 2 6-

PLATE II

RETINAL ARTERIOSCLEROSIS

From Plate 56

ilmer (129)

rterio-venous Nicking
This lesion, according to Shelbure, Hawley
and McGee (101), is the most easily seen lesion in the
retina, is the most constant change in all forms of hypertension and never occurs except in patients having, or
having had hypertension. These nicking s are usually seen
in longstanding cases of hypertension. Angiospasm, on
the other hand, has no relation to the duration of the
disease.
Arterio-venous nicking was first described
by Gunn (46), in 1883. O'Hare and Walker (92), in 1922,
pointed out that this lesion, along with changes in

caliber in the retinal arteries, was present in their
arteriosclerotic patients who had hypertension, but the
lesions were not found in arteriosclerotic persons whose
blood pressures were normal. It was originally believed
that the lesion was produced by the pressure of the hypertensive artery on the vein, but this was none too logical
as the lesion persisted after the pressure bad fallen to
normal. Friedenwald (34), in 1929, showed that the lesion
was really a fibrotic change at the crossing of the artery
and the vein. Therefore, many authors today use the term
arterio-venous "compression" and not arterio-venous
"nicking". It is now generally agreed that this lesion
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occurs only in hypertension. Thiel (107), Volhard (111).
Shelburne, Hawley and McGee (101), were able
to show by their study of 317 cases of patients with
hypertension , that retinal arterio-venous compressions
are so closely related to enlargement of the heart that
if this lesion is found in the retina we may expect to
find an enlarged heart. They also agreed that the latter
condition can be accounted for by hypertension even if
the blood pressure is normal at the time of the examination. They also state that if the heart of a person
with hypertension is enlarged and no arterio-venous
nickings are found, the enlargement is not due to the
hypertension alone and a careful search for other lesions
such as coronary heart disease, syphilis and rheuma tic
fever, is clearly indicated. There is no relationship

between early arterio-venous nicking and enlargement of
the heart, but there is between moderate arterio-venous
nicking and enlargement of t h e heart.
Arterio-venous nickings occur before permanent
renal failure occurs in cases of benign essential hypertension., Therefore , if one finds a patient with permanent renal failure in whom arterio-venous nickings are
absent, one can be reasonably sure that the patient is
suff ering from some other form of nephritis than that
due to late benign essential hypertension. Renal failure
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may occur too quickly in a case of malignant hypertension
to allow development of arterio-venous nickings.
We may say then,that arterio-venous nicking
is a useful si gn in the differential diagnosis of chronic
nephritis associated with the late sta ges of benign essential hypertension and chronic glomerulonephritis, malignant hypertension and other forms of renal disease.
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Caliber and Banking
The mean caliber of the retinal arteries in
varying age groups was measured by Koch (67). The inferior nasal branch measured from 63 to 70 microns, the
superior nasal branch from 70 to 79 microns, the superior temporal branch from 91 to 110 microns and the
inferior temporal branch from 101 to 116 microns in
diameter. Clinically there is very little variation in
the figures given by various authors for the caliber of
the arterioles of the retina of normal people and of
p atients with hyp ertension. There is a general tendency for the caliber of the arterioles to decrease as the
blood p ressure v a lue increases. Wherever the perivascularis has been thickened, or wherever tissue has been
laid do wn to streng then it, the perlvascularis is, in
a sense, fortified at this area. This binding tends to
contract and to pull the weaker member somewhat out of
its normal position. This phenomenon is termed "banking".
The venuole is termed the banked member. It follows
then, that banking is the direct product of arteriovenous nickings and that it is never found except in
p atients with h ypertension. Allen (4). It has been found
that the caliber of the retinal vessels will increase . in
diameter after spl a nchnic sympathectomy has been performed,
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for tre relief of hypertension. Fralick and Peet (30),
Koch states that ophthalmoscopic examination
of normal individuals and of hypertensive patients is
definitely of' greater value in the individual case than
is the determination of either tre caliber of the retinal vessels or the blood pressure in them, or both.
Hemorrhages and Exudates
It is' universally accepted that the most important observa tion to make in a fundus examination is the
character of the blood ves sels . Of secondary importance
is the presence of hemorrhages and exudates. These lesions
should never be seen except in a case with pathology of
the vessels. In early pathology of the vessels the hemorrhages and exudates are superficial in nature and they
appear to be in the nerve fiber layer of the retina. Thes e
early hemorrhages are flame-shaped. Atkinson and Taylor (8),
Deeper hemorrhages occur in the later stages of retinitis.
The latter appear as round or granular red-spots in the
retina. Gipner (41).
The typical picture of venous thrombosis is
characterized by massive hemorrhages with white exudates
which occur along the course of very distended veins whose
blood flow has been obstructed by the crossing of a sclerotic artery .
- 31 -

vVhen the central vein is thrombosed, the disc
is edematous and all the veins are swollen and tortuous,
while massive hemorrhages and exudates are scattered all
over the fundus. Moore (85). In cardio-vascular-renal
diseases the perirenal type of hemorrhage, which is chiefly macular, is rarely seen. Gipner (41). Cotton-wool exudates appear as fluffy, soft, superficial white spots
in the retina. Fuch's textbook states that tre cause is
unknown. (36). Gipner states that they might be due to
varicose, swollen, degenerated nerve fibers. These lesions usually appear in the early stages of the retinitis.
The deep type of exudates are divided into three
groups: first, the massive sero-fibrinous exudate; second,
the macular star; third, the edema absorbing exudate.
The first type, the sero-fibrinous exudate, is
found in all layers, even in the sub-retinal layers. It
,

causes flat detachment of the retina around the disc or
a globular detachment of the lower retina. In the acute

stages of retinitis it appears first as edema of the disc,
and peripapillary retinitis, b ut lat er, as the edema recedes, the exudative material becomes clumped into hyaline-like masses , chiefly in the internuclear layer and
is there attacked by the granular phagocytic cells that
become filled with lipoid material.

Collections of these

cells are responsible for the formation of the second
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group or macular star and the scattered, punctate,
edema-absorbing exudates. (90) Offut. The third group
appears ophthalmologically as scattered , small white
angular spots in the retina and when observed under
the microscope are histologically found to be made up
of concentrated clumps of fibrinous exudations and
granular phagocytic cells. Keith, Barker and Kernochan
(59).
The hemorrhages and exudates of the types
mentioned may be seen in persistent choked disc, the
n euroretinitis of nephritis and in a majority of the
cases of malignant hypertension whether they are from
the same cause or not.

Therefore, they cannot be used

alone in the differentiation of diseas e s of hypertensive
nature.
Hemorrhages usually make up part of the syndrome -rm term retinitis but they are also found in
thrombosis or an angiitis.

Howev e r, the most frequent

sourc e , according to Moore, is the thrombosis.

The

loc a l prognosis of the hemorrhage depends upon the
colla t e ral circulation that later establish es itself in
the retina.

It h a s been shown t h at some pati en t-s wi th

re t lnal thrombos is of the veins will have thrombosis of
the cerebral v e ssels. Moore (85).

Patients with hyper-

ten s ion may have such lesions as thrombo-angiitis
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obliterans and retinitis proliferans in the retina,
and these must be watched for.

Diabetic retinitis is

characterized by its hemorrhages.

At first they are

tiny punctate hemorrhages , later irregular puncta-t;;e
exudates are seen, later still cotton- wool patche s a re
seen , still later one sees the v eins which are dilated
and the hemorrhages are still present .
It is important to note that not every hemorrhage in the retina of a hypertensive patient is significant of a serious prognosis .

In the absence of assoc-

iated features such as angiospasm and cotton-wool pat ches,
which make the diagnosis of serious hypertension fairly
definite, other etiological factors should be excluded
first before it is considered to be diagnostic of pro gressive hypertension.

Localized inflammation of the

wall of the vein, phlebitis , may be the result of focal
or other type of infection and may bear no direct relationship to the prognosis of the hypertensive disease itself.
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Reflexes and Visibility
Normally the vessel sheaths, the so-called
perivascularis, is transparent except upon and close to
the optic disc.

Rhen the vessels are observed ophthal-

mologically the blood column is seen and not the blood
vessel.

½herever the perivascularis has been thickened,

its transparency is lessened and the visibility of the
underlying blood column is interfered with.
so-called loss of transparency. Allen (4).

This is
The cause and

origin of the reflex is still a debatable subject but the
consensus of opinion is ~hat it comes from the perpendicular surface of the blood column. Wilmer, Pierce and
Friedenwald {130). In the larger vessels the reflex
stripe is in the center of the vessel.

Whenever the

muscular wall of the vessel is thickened and enlarged,
this "central reflex stripe 11 is broadened and it can be
traced out farther peripherally.

In contradistinction,

the stripes at the sides of the blood coluran are the
visible vessel walls.

These latter stripes are not seen

in essential hypertension unless there is also a vascular sclerosis.
All cases of hypertensive disease have periarterial sheathing.

This does not develop as a part of
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chronic arteriosclerosis associated with longstanding
mild or benign hypertensive disease.

It is rarely seen

without loca lized spastic or postspastic constriction
of the arterioles.

Therefore, periarterial sheathing

can be accep ted as evidence of a previous episode of
retinitis if it is found alone.

Wagener (119).

In young patients the fundus is characterized
by the light reflexes of varying intensity, due to the
smoothness of the retinal surfaces.

Agatston ( 2 ).

It

i s generally accepted that the width of the arterial
reflex is closely related to the width of the blood
column.

Friedenwald (33).
The apparent widening of the central light

reflex of the central artery is seen as early as the
first angiospasm and as early as the first arteriovenous nicking .

It is fairly difficult to accurately dis-

cern a decrease in the vein light reflex, but if it is
a pp arent without the presence of retinal edema, it may
be assumed to indic a te local pathology in the vein itself.
In the intermediate stage of retinal artery
involvement the central light reflex is more brilliant
and may be wider, thus causing an ap parent mot t led
app earance.

Edema of the wall of an artery or a vein or

of intervening retinal tissue produces a ''softening" of
- 3 6-

the vascular light reflex.

Also in the intermediate

stage of retinal vascular involvement a pair of lateral
parallel white lines are visible on each side of the
diseased vessel.
cuff of edema.

This is a part of a thin perivascular
It is at this intermediate stage that

arterio-venous nicking s are apparent and the vein dis tal to the nick is often seen to be swollen.
In the advanced stage of retinal vascular involvement the bl ood vessels appear as silver wires rather
than as copper wires . Hatcher (50) .

Increased brightness,

"copper-wire" color and "silver-wire" color, and the increased visibility of the wall itself are due to an
actual structural lesion in the wall.
most often hypertrophy of the media .

This lesion is
Changes in the

color of the blood itself as in anemia, leukemia, lipemia and cyanosis can be perceived in the retinal arterioles. Wagener (119).
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"Albuminuric Retinitis," and "Retinitis 11
"Albuminuric retinitis 0 is described by May
(78) as the retinal picture that includes arteriovenous
nickinr s, hemorrhages, edema of the retina, cottonwool patches, and occasionally papilledema.

The con-

dition is usually found in late stages or intermediate
stages of hypertensive disease, in which sclerosis of
the retinal arteries has occurred.
The word llretinitis, 11 strictly speaking, means
inflammation of the retina.

The term is used loosely to

cover most forms of retinopathy including the types
found in hypertension with or without nephritis, in
toxemia of pregnancy, and in diabetes.

An "inflammation"

of the retina does not truly occur in these conditions
and yet a retinopathy certainly does exist.
In 1859, Liebreich (75), gave the first accurate description and graphic illustration of

11

albumin-

uric retinitis 11 • In 1884, Michel (79), said, "In regard
to the maintenence of life, the retinitis is of very
serious significance; in the majority of cases in which
simultaneously retinitis appears and the diagnosis of
granular kidney is made, after a course of one half to
one and a half years, death can be expected."
In 1918, Volhard (110), classified hypertension
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with vasospastic features in the retinal arterioles as
"yel low 11 retinitis, and hypertension with retinitis as
"red" retinitis. The advanced stage of a retinitis may
show thrombosis of the central retinal vessels. Enormously distended, tortuous veins disappear and reappear
in an edematous hemorrhagic retina. Wagener (118).
Slightly visible, empty arteries in a cloudy retina
with a red-yell ow macula and poorly filled veins are
pathognomonic of occlusion of the retinal artery. It.
is entirely possible that Volhard confused thrombosis
of the central artery with his

11

red 11 type of retinitis.

The presence of a primary involvement of the
kidneys is not essential to the production of an albuminuric type of retinitis. Volhard (110). This fact is
demonstrated by the fact that retinitis, indistinguishable
from the usual type, both in the vascular and retinal
lesions, may develop in the course of hypertension
associated with basophilic adenoma of the pituitary , or
with adenomas of the adrenal cortex or tumors of the
medulla of the adrenal glands.
In the case of "albuminuric retinitis" fairly
widespread sclerosis of the ret l nal arterioles has been
demonstrated to be present in the retina at autopsy by
Kyrieleis ( 70 ), Friedenwald ( 32 ) and Gasteiger ( 38 ).
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It seems obvious from the histological as well as from
the ophthalmological •·findings tha t the usual type s of
hypertensive retinitis with edema of the retina, cottonwool patches and hemorrhages, are not the result of
sclerosis of the retinal arterioles.

The hyaline lip-

oid necrosi s of the terminal arterioles described by
Kyrieleis , Frledenwald and Gastiger may be the results
of the decreased pressure in these vessels resulting from
extreme c onstric tion in the proximal and larger arterioles or may be due to. toxins secreted in retinal tissues
as suggested by Friedenwald.

Recent supporters of the

toxic theory include Yonechi (132) and Koyanagi (69).
The former has produced retinal edema by the intracarotid
injection of a nephrotox1n.

Koyanogi believes that in

clinical cases of "albuminuric retinitis" the primary
lesion is in the pigment epithelium of the retina.

Also

that all other lesions in the retina are secondary to
the subretinal edema.
All c ases of retinal arteriosclerosis studi ed
by Friedenwald (32) developed albuminuric retinitis if
observed for a long enough time.

All cases that he

studied showed arteriolar changes on histologice.l and
ophthalmologi cal examination.

In these cas e s of retinal

arteriosclerosis the clinical findings, both in cases
with and without

11

albuminuric retini tis," showed very
- 40 -

marked hypertension, and all were sooner or later associated with a chronic nephritis.
etiolo gy of

11

He concluded that the

albuminuric retinitis" is closely related

to retinal arteriosclerosis.
The diagnosis and prognostic indications of
retinitis are based on the evaluation of the edema of
the retina. Wagener (119).

These lesions are essen-

tially the same in essential hypertension and in secondary types.

The term "acute angiospastic 11 should p robably

be s ubstituted for the term

11

albuminuric" because retin-

itis is always associated with a generalized angiospastic
episode and a relatively excessive increase in the blood
pressure .

This lesion occurs in the presence of uniform

generalized constriction of the arterioles only, with
generalized and localized excess narrowing of the arterioles and with generalized and localized narrowing with
the additional evidence of chronic sclerosis or medial
hypertrophy of the walls of the arterioles.
Acute angiospastic retinitis without chronic
sclerosis may be s e en in hypertensive toxemias of pre gnancy , in acute vasospastic disease with hypertension,
in acute glome rulonephritis and in chronic glomerulone phritls .

In all of these, the increased blood pressure

is a late finding comp ared to the onset of the retinitis.
The prognosis of most conditions with acute
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vasospastic retinitis is good, for this is a functional
involvement.

This last stateme nt holds for all cases ex-

cept that of chronic glomerulonephritis .

In hypertensive

toxemia of pregnancy recovery begins with delivery.

In

acute vasos pasti c hypertrophy recovery occurs if the source
is discovered and eliminated.

Acute angiospastic retin-

itis in patients without chronic sclerosis but with acute
glomerulonephritis has a good prognosis.

On the other

hand the prognosis for the life of the patient with
chronic sclerosis of the arterioles in acute angiospastic retinitis, is always serious.

This is true since re-

duction of circulation through the general arteri ol ar
constriction to organs and tissues already suffering from
improper nutrition through the presence of the sclerosed
arteries results in more rapidly progressing damage to
the walls of the vessels.
In the type of retinitis without edema of the
disc there is temporary subsidence of the retinitis and
angiospasm.
of the disc.

This does not occur in retinitis with edema
The course of the hypertensive disease in

patients with retinitis with edema of the discs and
chronic sclerosis of the arterioles is usually p rogressive toward a fatal termination.

Hence this type of re-

tinitis is often called the "retinitis of malignant
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hypertension."

Hypertensive individuals with acute

angiospastic retinitis and chronic sclerosis of the arterioles, but without edema of the disc is also of serious
and progressive character.
If a patient has acute angiospastic retinitis
with chronic sclerosis of the retinal arterioles, it
means always that the patient has diff use arteriosclerosis no matter whether his primary disease is " essential
hypertension" or "chronic nephritis."

Wagener (119).

Chronic sclerosis of the arterioles in the retina can be
demonstrated definitely to be a part of diffuse sclerosis of the arterioles in various tissues and orga ns in
the body. Graham (42).
See plate III.
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PLATE III

RETINAL ARTERIOSCLEROSIS:,

11

ALBUMINURIC"

Left eye of a 36 year old blond man.
Ophthalmoscopic Exam: Left eye. Media clear. Disc pale
and yellowish red: margins much blurred except on temporal side. The retinal arteries are solid-looking, tortuous, irregular in caliber and in various stages of sclerosis. The veins are engorged, irregularly dilated and
markedly compressed by superimposed arteries. The superior temporal vein is bordered by white lines. Light
streaks are increased on the arteries and on the anterior arches of the veins. The relatively normal fovea
with its reflex resembles the so-called

11

hole in the

macula", owing to the surronding retinal edema. Scattered over the fundus the are two kinds of exudates: one
pale, yellowish-white, soild looking; the other (around
the macula) small, superficial, white, like "powderedsnow". Radi a ting from the disc, in the manner of opaque
nerve-fibers, there are areas of retinal edema stretching far into the periphery and in spots, obscuring the
blood vessels. There are many small hemorrhages in various stages of absorbtion.
Description from plate 59, Wilmer (129).
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PLATE III
Retinal Arter:tosclerosis,

11

Albuminuric ti

From plate 59, Wilmer (129)

PART VI
CLINICAL GRADI NG OF RETINOPA'I'HY

Classific a tion of Retinopathy
Evaluation of retinopathy as 4 plus or 3
plus is valueless unless universal acceptance of the
denoted grade wi th their lesions is obtained. Shelburne ,
Hawley and McGee (101).
Keith and Wagener have presented a classification wh+ch has me t with much acceptance . Wagener (118).
GROUP I of Keith and Wagener is found in typical cases
of benign essential hypertension.

This also lncludes

cases with mild arteriosclerosis without evidence of
angiospasm.

Wagener (118).

In this group the disc is

hyperemic and edematous with the edema spreading into
the peripapillary retina.

The soft cotton-wool ex-

udates are nearer the disc than the periphery.
Gipner ( 41).

In this group is included the hyperten-

sive individual whose increased blood pressure may be
present a long time without producing definite symptoms
or without impairing cardiac or renal functions.

Keith

( 58).

GROUP II of Keith and Wagener includes those cases of
moderate to marked arteriosclerosis wi thout any evidence
of retinal angiospasm.

This is a r e latively benign type

but it has a tendency after several years to result in
cardiac failure, cerebral vascular accidents and rarely
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in terminal renal insufficiency.

Wagener (118).

Individuals in this group have a higher blood pressure
than those in group one.

These individuals present the

symptoms of headache and of nervousness.

Keith {58) .

On ophthalmological examination of individuals in group
2 the nerve head is found to be swollen to a greater degree than in group 1.

The edema is more widespread and

it involvefthe macular region.

The hemorrhages and exu-

dates are increased in number and are fairly deep in
the retina.
GROUP III of Keith and Wagener includes cases with definite angiospasm with or without angiospastic retinitis
and without edema of the optic disc.

Keith and Wagener

state this is a definitely progressive type and they found
60 per cent of the individuals in this group to die within
four years.

The edema definitely regresses in this type.

Black spots of proliferated pigment develops'and the disc
appears pale through the edema.
due to the accompanying atrophy.
deep in the retina.

The latter is probably
The hemorrhages · are

Star-shaped figures develop in the

retina, especially in the macular region.

Often second-

ary sclerosis of the vessels around the optic disc, together with choroidal sclerosis are present.

Gipner (41).

The subjective and objective symptoms in this group are
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similar to those found in group 2 .

Keith (58).

GROUP IV of Keith and Wagener includes cases of angiospastic retinitis with edema of the optic disc.

The

classic retinopathy found in ttalbuminuric retinitisn is
present in individuals in this group.

This is the most

rapidly progressive and the most uni f ormly fatal group ,
the so-called "malignant" or fulminating hypertension often reaches this stage.

Wagener (118).

The fundus of

individuals in this group is characterized by secondary
optic atrophy throughout.

The entire disc is blurred

at the margins due to the connective tissue changes and
to the perivasculitis .
also seen.

Retinal pigmentation spots are

Gipner (41).
The only definite criterion for placing a

patient in this group on the first examl nation is the
pre sence of a diffuse angiospastic retinitis with chronic
sclerosis of the arterioles and with a measurable edema
of the opt ic discs .

Although the subjective symptoms

may be severe in these patients, it is surprising how
nearly symptom free some of .them are.

The diastolic

pressure is found to be higher in this group and, too,
it remains high the 24 hours around .

It is possible that

cardiac and renal functions may be normal at the time
that the fundus examination is made but these organs
will fail later.

Keith (58).
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Prognosis of Various Grades of Retinopathy
In a study of 219 patients Wagener and Keith
(123) concluded that is was of value from the standpoint
of prognosis of life expectancy to classify patients
with hypertensive disease into the four groups discussed
above.

In this group of 219 patients the following num-

ber died within 5 to 9 years:
Group 1

50% died 100 months later

Group 2

50% died 63 months later

Group 3

50% died 15.9 months later

Group 4

50% died 5.~ months later.

It was also noted that of the same group of 219 patients,
60% of Group 1 were alive 7 years l a ter,
34~ of Group 2 were alive 6 years later,
8% of Group 3 were alive 6½ years later, and
0.6% of Group 4 were alive 5 years later.
The mean length of life in Group 3 was 27.6 months and
the mean length of life in Group 4 was 10.5 months.
Other classifications of retinopathy have been
devised.

Brana and Radnai, 1934 , classified their cases

into 3 groups, according to the sclerotic changes in the
vessels of the fundus.

They made special mention of the

indentation of the veins by the arteries.

They noted

that the mortality in Group 1 was 2~ in one year; 60%
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in Group 2 in one year and 100~ in Group 3 in one year.
They did not separate sclerotic changes from those due
to diffuse angiospasm, however.
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PART VII
MAJOR DISEASES ASSOCIATED WITH
HYPERTENSION MANIFESTING RETINOPATHY

Arteriosclerotic Retinopathy
when hypertension and vascular sclerosis have
co-existed for a number of years, the retinal picture
evolves from that of a sclerosis to a retinopathy characterized by hemorrhages and exudates.

This is the

"arteriosclerotic retinitis" of Foster Moore , 1916 (81).
The absence of edema is the most important
point in differentiating the more acute types characteristic of hypertensive or renal disease .

Duke -Elder

(25). · The retinal vessels show the characteristics of
marked sclerosis with copper-wire or silver-wire arteries,
sheathing, arterio-venou s compressions and tortuosity,
especially in the smaller vessels.

The disc usually

shows ~o changes.
The exudate is usually in the area of the fundus .

It is usually described as a ''hard" form wi th sharp

edges and with no surrounding edema, and is thus differentiated from the soft , fluffy, cotton-wool pat ches of
malignant hypertension and of renal retinopathy.

Path-

ologically they are found to be hyaline ma sses.

Foster

Moore ( 83) .
The fundus picture varies considerably from
time to time as the hemorrhages and exudates are absorbed
and replaced by other hemorrhages and exudates.
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Retinal arteriosclerosis is always bilateral
but may be of greater degree in one eye.
The significance of retinal arteriosclerosis
is that of severe vascular sclerosis associated with hypertension.

The prognosis for life is an indefinite

number of years.

When death comes, it tends to be car-

diac or cerebral and is not associated with failure of
the renal functions.

The presence of exudates or of

hemorrhages is not of great prognostic value.
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Retinopathy of Essential Hypertension
In 1896 Albutt clearly described the clinical
syndrome of essential hypertension.
dition "hyperpiesia. 11

He termed the con-

Albutt (3).

In a study of 5,540 individuals Wetherby (127)
reached the conclusion that it is futile to attempt to
draw a line between the normal blood pressure and that
of an early hypertension or a single reading.
It is known that sclerosis of the larger arteries, such as the radials, iliacs and brachials will not
cause hypertension.

Our present day concept of the

pathogenesis of essential hypertension assumes that a
toxic product , not yet isolated, acts on the medulla or
on the vasomotor nerves.

This stimulus causes a spastic

contraction of the small arteries and of the arterioles
of the body.

This contraction causes an attenuation of

the lumina of the v essels .

The narrowing then causes

the establishment of hypertrophy of the medial arterial
and arteriolar coats.

This hypertrophy increases the

peripheral resistance which in turn forces the heart to
work harder in order to pump the blood through the arterial and venous systems.

This increased work on the

part of the heart has thus produced hypertension .

The

blood pressure can be made to return to normal by proper
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treatment, as long as the hypertension has not gone
past this stage.

Seling er (99).

Partial occlusion of the renal arteries by
means of a wire band will induce a type of permanent
hypertension in experimental animals.

This hypertension

resembles essential hypertension in man .

A small per-

centage of dogs and monkeys with experimental hypertension develop retinal changes.

The retinal vessels in

such animals show vascular changes of thickened walls .
However , the degree of vascular involvement seen ophthalmologically was not always confirmed histologically.
Keyes and Goldblatt (64).
Vascular changes independent of retinitis have
also been found.

These presumably develop through the

effect of a vasopressor substance formed in the ischemic
wire-band kidney and are probably intensified later by
the mechanical effect of the increased blood pressure
on the walls of the vessels themselves.

Keyes and Gold-

I

blatt (65).
The earliest pathological changes seen in the
retina in essential hypertension is the presence of angiospasm unaccompanied by any other lesion.
Thus it is seen that an ophthalmological examination and the recognition of angiospasm is of far greater diagnostic significance than the mercury column reading.
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ngiospasm, increased width in reflex stripe ,
narro wed blood column, lack of transparency of the vessels, arterio-venous nickings, banking s, and small
hemorrhages and exudates ar·e all found in essential
hypertension.

Allen (4).

The oarallel strioes at the
4

..

sides of the vessels are not seen in essential hypertension unless there is also vascular sclerosis in the retina.
It is admitted that our conception of benign
essential hypertension in its relation to arteriosclerosis
is not yet clear.

Patients with sclerosis of the aorta

and other large vessels may show no changes in the retinal vessels and may or may not have hypertension.

Patients

with benign essential hypertension often show no clinical signs of sclerosis of the larger vessels.

Clinicians

tend to divide the cases into one group of pure arteriosclerosis showing changes in the larger vessels and into
another group with senile or beni gn essential hypertension.
Essential hypertension probably always begins
with localized angiospasm and the sclerotic changes are
always secondary.

Keith and Wagener (63).

The earliest description of "albuminuric retinitis" mentions the a pparent narrowing of the retinal arterioles.

From time to time this arterial narrowing
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has been variously interpreted , but it is generally
accepted now that the attenuation is either angiospastic
or sclerotic in character.

Observations by Habein and

Wagener on essential hypertension which develops acutely , showed conclusively that localized constrictions of
the arterioles can be angiospastic and can disappear in
these cases as they were proved to do in cases of toxemia
of pregnancy by Mylius .

Keith and Wagener (63).

Vary-

ing degrees of residual arteriosclerosis remained after
the angiospastic episodes.

The angiospastic nature of

many of these localized constrictions is further suggested by their disappearance in certain cases of hypertension following resection of the splanchnic sympathetisc.
Fralick and Peet {30).

Grade 1 and Grade 2 retinopathy

of Wagener and Keith is most likely to derive beneficial
results from sympathectomy.
(121).

Wagener, Cusick and Craig

However , Fralick and Peet record a case of

Grade 4 retinopathy which was much improved by sympathectomy and the soft cotton-wool exudates subsided .
"Arteriosclerosis of the retinal vessels" is
a term often confused with the term ''arteriosclerotic
retinitis" whenever a retinopathy is classified as Grade
1 and Grade 2 of Keith and Wagener, since the ophthalmological picture they present occurs with great regular-
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ity in benign essential hypertension.

Gifford and Mac -

Pherson (40), present a classification to facilitate
the differenti a tion of senile or benign essential hypertension from malignant hypertension.

It separates cases

with localized vascular changes associated with benign
essential hypertension, that is, Groups 1 and 2 from those
with diffuse angiospasm with or without retinopathy and
neuroretinopathy, or,Groups 3, 4 and 5.
GROUP I.

RETINAL ARTERIOSCLEROSIS
Fundus Picture:

Slight to moderate indentation

of some v e ins by arteries, wide arterial reflex in some
arteries.

Slight variation in caliber of some arteries.

No hemorrhages or white deposits.

Ratio of artery to

vein is 2 to 3 .
Clinical Picture:

Slight to moderate elevation

of systolic blood pressure; mean 24 hour diastolic pressure
rarely over 110; often below 100.

Picture is commonly

that of benign essential hypertension but patients are
seen with little or no elevation of blood pressure .
ney function and blood chemistry usually normal.
usually over 45 years of age.
GROUP II.

Kid -

Patients

Prognosis-relatively good.

RETINAL ARTERIOSCLERO SIS WI'I'H RETINOPATHY
Fundus Picture:

ar changes than Group 1.

Somewha t more advanced vasculSome arterio-venous nickings
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at most crossing s. Some patchy hemorrhages and white
deposits, usually small and circumscribed. Occasionally thrombosis of arteries or veins. No diff use
contraction of the arteries. Ratio of arteries to
veins about 2 to 3.
Clinical Picture:

In g~neral the same type

of patient a s in group I. Somewhat greater elevation
of the blood pressure than in group I, but diastolic
pressure seldom constantly high. May be slight changes
in kidney function and blood chemis t ry, but patient
seems in fairly good health. Vascular accidents or
coronary occlusion may occur at any time. Prognosis barring such accidents, prognosis for life is good.
GROUP III. DI FFUSE RETINAL ARTERIOLAR CO NSTRICTION
Fundus Picture: All arteri es show definite
contraction. Ratio of art e ries to ve ins is 1 to 2.
May be some indentation of veins bu t this may be absent. No hemorrhages or deposits present.
Clinical Picture: This is the earliest
stage of dif f'use angiospastic hypert ension. The blood
pressure, es pecially the diastolic, is usually quite
hi gh. Often there are no changes in t h e blood chemistry . This affects younger persons than those of
groups I and II. Typical cases are seen in very early
ca se s of toxemia of pregnancy. Pro gnosis - unless due
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to toxemia of pregnancy in which prompt relief is
obtained, patients are apt to go into groups IV or
V within a relatively short period of time.

GROUP IV. DIFFUSE RETINAL ARTERIOLAR CONSTRICTION
WITH RETINOPATHY (HYPERTENSIVE RETINOPATHY)
Fundus Picture: Vascular contraction is more
pronounced , af f ecting all arteries . Ratio of arteries
to veins is often 1 to 4, or less. Some small arterioles may be occluded. Hemorrhages and cotton-wool
patches are present. There are localized areas of
retinal ischemia and edema.
Clinical Picture: The picture is that of a
well developed essential hypertension. The di.astolic
pressure is often constantly above 130 mm. Hg. There
are often changes in the kidney function and in the
blood chemistry. This occurs in severe or neglected
cases of toxemia of pr egnancy. Prognosis - bad. Most
patients die within 4 or 5 years • Exception - toxemia of pregnancy.

GROUP V. DIFFUSE RETINAL ARTERIOLAR CONSTRICTION
WITH NEURO-RETINOPATHY (HYPERTENSIVE)
Fundus Picture: Some changes as in group
IV. In addition there is edema of the optic discs
and the surronding retina. The elevation may be as
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marked as in chocked disc, but changes in the arteries
usually differentiate these. A macular star is often
present . Detachment of the retina is occasionally seen
especially in severe toxemia of pregnancy. The so-called
"toxemia of pregnancy" belongs to this group or to
group IV.
Clinical Picture: This is the picture of
malignant h ypertension. The blood pressure is exqeedingly high and changes in kidney function and blood
chemistry are usually, but not always, marked. The
prognosis is very grave. 80% die within one year.
Exception - toxemia of pregnancy. Gifford and Macpherson
( 40).

Even though angiospasm may be the main
factor in both types of hypertension a distinction
is possible between benign essential hypertension with
localized patchy changes in the vessels and malignant
hypertension.
Wagener separates pure arteriosclerosis
from essential hypertension on the basis of an entire
absence of localized vascular constriction, which, he
maintains, always indicates angiospasm. These persons
with pure arteriosclerosis have a fundus picture similar
to that of the patient with benign essential hypertension.
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Most of them have no history of hypertension and
have no increase in sy stolic blood pressure.

On

the other hand, the :i:ati ents in group III practically
all show hypertension, sometimes with a fairly high
systolic pressure. These patients often have cerebral
and coronary accidents.
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RETINOPATHY OF MALIGNANT HYPERTENSION
The pathogenesis of malignant hypertension
has not yet been proven. The majority of ophthalmoligists agree that some toxic agent is responsible for
the pathological changes of this syndrome . In this
res p ect, Seling er (9 9 ), considers malignant hypertension
the f ina l clinical stage of essential hypertension. He
believes that essential hypertension has for its first
etiolog ical factor, a toxic factor which causes contraction of the arterioles and that hypertrophy later occurs
in the lumina as a compensatory mech8.nism. The heart is
forced to do more work to overcome the narrowed lumina
and thus hypertension exists. The toxic product has not
yet been isolated and hence the true etiological agent
is not known. However, not all workers in this field
agree that a toxic factor is the exciting agent. Selinger
states that fibrotic and sclerotic changes will occur in
the hypertrophied medial coat of the vessel if the essential hypertension has existed for a long time. After
these changes, and possibly thrombotic and endarteritic
chan ges occur the hypertensive state is irreversibJe and
is designated as the

11

Malignant 11 state.

After sclerotic and fibrotic changes have
occured in the vessels of a person with essential hyper-
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tension, theraputic measures are not only to no avail,
but also mi ght be dangerous due to the drastic reduction in blood pressure since an insuf f icient amount of
blood may reach the vital centers in the brain. Therefore it is very important to reco gnize the earliest
sta g es of ma li gnant hypertension.
Wagener (115), (116), (117); Keith, Wagener
and Kernohan (63); Moschcowitz (86); Keith, Barker and
Kernohan ( 59) and Wagener and Keith ( 125) have all
d escribed the lesion found in the retina in malignant
hypertension.
Keith and his associates, (59), (63), have
described the retinopathy of malignant hypertension in
four stages.
The First Stage is that of hyperemia with
mild edema of the disc with peripap i llary retinitis
to the extent of 5 or 6 mm. Offut (90). Superficial
line a r or fl ame-shaped hemorrhages with near-by cottonwool exudates are found. The most suggestive thing is
the disc congested by increased fullness of the disc
c a pillaries. Bedell (11). The disc may appear red or
pink. The edema is probably due to an increased tightness of t he artery that lessens the rapidity of the
blo od stre am in the c apillaries and veins with a tendency for the serum to escape into the tissues. Gunn (47).
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The edema causes an upset in the nutrition of the arteries and leads to an increase in the amount of the sclerosis. The arterioles cannot be followed to the periphery of the retina due to tre

arterial constriction. Keith,

Wagener and Kernohan (63), found that histologically the
most common finding in the vessels in malignant hypertension is a thickening of the endarteritic type.
variable amount of endothelial proliferation together
with an increase in the media or adventitia was also
found.
The Second Stagehns edema of the disc amounting
to from 1 to 6 diopters. The retinal edema is more marked than in stage one and it extends into the macular region and into the periphery.

The Cotton-wool exudates

are more numerous and are found farther away from the
disc than they are in stage one. Radiating out from the
macula are white lines in the pattern of the spokes of
a wheel . Histologically these lines are composed of
phagocytic cells containing fats and lipids. Lebeck (76),
arrl also Badtke (9), found that the caliber of the arterioles in malignant hypertension was less than the normal
caliber.
The Third Stage is that of receeding edema.
In this stage tre edema in the peripheral p a rt of the
r etina is replaced by small white spots of proliferated
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pigment. Hard white spots are found to make the pattern
of a star figure in the macular region.The cotton-wool
exudates are outnumbered by the hard white spots. Keith,
Wagener and Kernochan (63). Single white spots may dominate the picture and no star figures may be seen. Hemorrhages are found to be more peri pberally located as the
hyperemia of the disc begins to fade. Progressive sclerosis has been described al ong with the increased perivascular thickening and gliosis from the edema of the
surronding tissues.
The Fourth and final stage of retinopathy found
in malignant hypertension is that irjwhich the disc becomes
definitely pale and blurred. Most persons with malignant
hypertension die before this stage is reached, and thus
few physicians ever observe this stage of retinopathy.
Secondary atrophy is seen in the retina as a result of
the increased glial tissue which remains as evidence of
previous retinal edema. Perivascular thickening is seen
along both arterioles and venuoles. In the late stages
of sclerosis the arterio-venous crossings are rightangled compressions. Moore (85). Atrophy later replaces
the retinal edema and then only a few residual hard
white spots remain through the macular region. Patchy
sclerosis of the choroidal artery is seen and occasionally a small hemorrhagic area may be seen in the retina.
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Keith, Rucker and Parkhill (61) noted the recession of
a previously existant papilledema n i neteen days before
the death of a person with malignant hypertension. Concurrently, the retinal hemorrhages and exudates became
less numerous. These men believe tha t a comp ensatory
mechanism developed in the periphera l vascular supply
of the retina as the histological examination showed
there were a suff icient number of normal arterioles
present in the retina to establish an ade quate blood
supply for reabsorbtion.
The retinop a thy of malignant hypertension is
characterized by the extreme papillary and peri-papillary
edema, as differentiated from the typical renal retinopathy of glomerulonephritis. The papilledema resembles
that produced by a brain tumor and the s welling may be
as much as six diopters. Larsson (71).
A retinopathy very similar to that found in
ma li gnant hypert ension is f ound in t he termina l stage
of glomerulonephritis, in lead poisoning Nye (89), and
in suprarenal tumors when renal function is normal.
Oppenheimer and Fishberg (93).
The prognosis of malignant hypertension is
bad. The majority of patients die within two years and
half die within six months in the fourth stage of retinopathy . Duke-Elder ( 25).
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DIABETIC RETINOPATHY
In 1856, Jaeger (55), described the retina in
diabetes for the first time. Hirschber (52), in 1890,
recognized three clinical types of diabetic retinopathy;
the first was that of inflammation of the retina with
spots and hemorrhages and central punctate retinitis;
the second was termed the "retinal hemorrhage" type; and
the third was denoted as the type with pigmentary degeneration. Since the publication of Hirschberg's paper
ophthalmological opinion has been divided into two schools,
the one believes that retinal changes are specific for
the diabetic condition - the other group denies this.
The cause of the retinitis has not been pr~ven.
It may possibly be a condition stimulated by the glycosuria. Friedenwald (32). It may be due to the arteriosclerosis that is so prevalent in diabetics. This theory is
probably most widely accepted today. Wagene r, Dry and
ilder (i.22). Other workers have shown that hypercholesteremia could cause the white spots to develope in the retina/similar to those seen in diabetic retinitis. Sugita
( 104).

Folk and Soskin (28); Gifford (39); Dabney
(20); Friedenwald (32); Moore (82 ); Net tleship (88);
Hirschberg (53) and others form the one school. These
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men believe that:
1) The clinical picture for diabetes, though
not pathognomonic, has certain features distinguishing
it from arteriosclerotic or renal retinopathies;
2) High blood pressure, arteriosclerosis and
albuminuria a re usually seen in this condition, but cases
occur in which this is minimal or absent. Leber (74);
Lawford (73); Anderson (6); Hirschberg (53); Juler (57);
Rackliff e (97); Nettleship (8~); Gray (44); Wagener, Dry
and Wilder {12 2 ); Folk and Soskin ( 28); and Braun (14).
3) Some of the factors that differentiate this
from renal retinopathies are its occurance in older people,
its good prognosis and its frequent unilaterality.
The men of the other school present these fudeas:
1) The clinical picture is not typical and transitions occur from arteriosclerotic-like retinopathy to
renal retinopathy.
2) No relationship between the retinal changes
and the diabetic severity has been shown to exist.The
chang es are not seen in young diabetics but only in older patients with a relatively mild degree of the disease,
and in p atients with the complications of arteriosclerotic
and renal changes.
3) The clinic a l absence of albumin in the urine
may be transitory or may be associated with advanced path-
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ological changes in the kidney. Garrod (3?); Wagener
and Wilder (126); Friedenwald (32); Carreton and Camino
(16); Gresser (45) and Dirion (21).
No doubt there is much truth to the ideas of
both schools of thought. Diabetic retinopathy does occur
most often in individuals with hypertension or sclerosis. Also, many diabetics are the subject of renal failures. Duke-Elder (25). Conversely, many hypertensives
are potential diabetics. 0 1 Hare (91). This is probably
due to the arteriosclerosis of the pancreas but such
lesions would have to be very extensive to cause the
disease. It is most likely that the lesions seen in
diabetic retinopathy are the result of some toxic factor, presumably metabolic in origin. Sugita (104), has
shown that an imbalance of the lipoid content of the
biood can produce lesions similar to diabetic retinopathy if that tissue is already diseased.
Folk and Soskin ( 28 ), found that from 20% to
33% of all diabetics have retinal lesions. Other studies
place the figures lower, from 2% to 20% . These values
vary since children were included in some of the studies
and since older persons are usually the ones who ha'\e
a retinopathy in diabetes. Clinical studies have also
shown that women are more prone to have retinal lesions.
Most diabetics show arteriosclerosis of the
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arterioles of the retina and these usually conform to
the g eneral condition of the rest of the vessels of the
body. A frequent sign in diabetic retinopathy is the
l oss of transparency of the vessels. Gray (44). Some
observers have found universal sclerosis and raised
retinal blood pressure. Gresser (45) and Volhard {112 ) .
Others maintain that the pressure may be low. Koyanogi
(68) and Altnow (5) . A prominent finding is early engorgement of the retinal vessels.
In a study of over a thousand cases in 1934,
Wagener, Dry and Wilder {122) , divided the retinitis of
diabetes into five groups.
GROUP I . This includes patients with hemorrhages. Tiny punctate hemorrhages occur at the terminus
of dilated end- arteries in the macular region. These
hemorrhages ar e round in shape and are deeply seated .
These findings occur in tl:e mildest type of retinitis.
GROUP II . This includes patients with hemorrhages and punctate exudates. These occur slightly later
in the disease. A few shiny punctate hemorrhages of irregular shape are usually seen in the macular region .
Tiny hemorrhages are also seen . The hemorrhages and
exudates may l a ter blend into one.
GROUP III . This occurs still later in time
sequence. There are hemorrhages, punctate exudates and
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cotton-wool exudates present. The cotton-wool exudates
resemble those found in hypertension alone and similarly,
these too, lay along the nerve fibers of the retina. These
lesions are probably the end result of the angiospasm and
hypertension that occurs at this stage. Yellow exudates
are not uncommon at this stage.
GROUP IV. Patients in thi s g roup have hemorrha g es or exudates with visible lesions in the veins.
The v e ins may be di+ated, cyanotic or nodular, suggesting mural thrombi. These veins are a ssociated with extensive hemorrha ges.
GROUP V. These patients have lesions in the
veins to gether with hemorrhages into the vitreous. The
end r esult is a group of scar tissue bands through which
rew vessels may proliferate into the vitreous. Contraction of the scar tissue may result in detachment of the
retina. See plate IV. If new vessels do proliferate into the vitreous the condition simulates t~e retinitis
proliferans of syphilis or tuberculosis.
Two types of hemorrhages occur. They are usual- .
ly small and periferally placed at first. They are sometimes superficial and flame-shaped but are usually deep
and round. rrhese hemorrhages are formed by the escape of
red blood cells by diapedesis through permeable capillary
membranes. Extensive hemorrhage into a diabetic retina
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is usually a sign of a focus of infection somewhere . in
the body with localiz ed peri -vasculitis in the retina.
If retinitis proliferans occurs permanent loss of vision
may result . Massive hemorrhage usually occurs even in
controlled d iabetics. Sclerosis is invariably present .
Hemorrhagic diathesis is not aided by insulin therapy
and may even be inc r eased by it. Dabney (20); Carter
(17) and Dirion (21).
A macular st ar is rare except when renal
complications are present . Wnen the star does form it
is usually incomp lete. Retinal edema is a very rare finding in diabetic retinopathy and the optic disc is usually.
unchanged.
The main findings that differentiate this
condition from a renal retinopathy are the solid, soapy,
clear-cut patches found in diabetic retinopathy, in contradistinction to the soft, wooly masses of renal retinopathy;
the irregular central arrangement without macular star;
the presence of deep and round, rather than flame - shaped
hemorrhages; the absence of edema so that retinal detachment rarely occurs, in contra- distinction to the frequent
deta chment in the t oxemias of pregnancy.
Duke-Elder has said, 11 The most important
single feature is the absence of edeman. However, so
f~w cases are pure, without sclerotic or renal complicat-
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I

ions that gradations from arteriosclerotic retinopathy
to renal retinopathy are the rule rather than th~ exception.
The life expectancy of a patient with diabetic
retinopathy is less than that of a person with a simple
arteriosclerotic condition. However, the prognosis is
better than that of renal retinopathy. Some cases have
been followed for as long as ten years. The prognosis
with regard to vision is usually bad, since the condition seems to be progressive. In the presence of arteriosclerosis or hypertension, death from apoplexy is very
common .
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PLATE

lV:

RETINAL CHANGES IN DIABETES MELLITUS (MILD)
Right eye of a man 47 years old.
the eyes .

Lesions found on routine examination.

Physical Exam:
226 mgm . %.

No complaint about

Obese. B. P. 140/95.

Blood sugar

Urine: 3 plus sugar, trace of acetone.

Clinical Diagnosis:

Diabetes Mellitus of moderate sev-

erity.
Eye Exam:

Visual Field, normal.

Tension normal.

Dlsc slightly hyperemic; margin blurred on nasal side.
Arteries and veins normal, with no arterio-venous compressions .

The fundus is normal with the exception of

a small area to the upper temporal side of the macular
region, where there are a few exudations.

These exuda-

tions are small, clean-cut, yellowish-white and fatty
looking.
Note :

The patient was given a diabetic diet,

but there was no change in the eye lesions while he remained under observation.

The left eye has remained nor-

mal .
In diabetes, the eye lesions do not usually
increase when the proper treatment is instituted.
the reverse is true when the diabetes is neglected.
Description from Plate 64, Wilmer (129).
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But

PLA'rE

lV

RE'I'INAL CHANGES IN DIABETE;;j

1ELLITUS (MILD)

From plate 64, Wilmer (129)

1-'LA'rE V

RETINAL CHANGES IN DIABETES (SEVERE)
Left eye of a man 47 years old.
Past History :

t 41 years of age, patient suffered

from s ev ere diabetes mellitus, with a bl ood sugar of
480 mgm .

%.

Under diet the diabetes improved.

4 years

l a ter, developed weakness, loss of appetite, jaundice,
enlarg ement of liver.

One year before admission , the

diabetic symptoms had disappeared , but ascites ensued.
Tapp ed six times.
Present Illness:

Admitted to hospital with diagnosis of

cirrhosis of liver. Omentoplexy has been performed .
Physical Exam: Medical: slight cardiac hypertrophy;
edema of l ower extremities; enlarged liver; prominent
abdomen.

B. P. 140/78.

Sugar tolerance test: no sug-

ar appeared in urine; normal in blood.
Lab Report:

Blood; chemistry and cytology, normal.

Wassermann negative.

Urine; straw colored, acid, sp.

gr . 1020 ; sugar zero; albumin double plus ; occasional
RBC; a few WBC; scattered hyaline, granular and fatty
casts.
Clinical Diagnosis :

Diabetes Mellitus; cirrhosis of

liver, arteriosclerosis with nephritis.
Eye Examination: Externally , both eyes normal. LEV, 6/20.
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Visual Field:

slightly contracted.

Intraocular ten-

sion, normal.
Ophtholmoscopic Exam.: · Media , clear.
yellowish-red in color, not elevated.

Disc blurred;
The fine striate

edema a round the disc has the a p pearance of a ring
around the moon on a misty nite.
attenuated.

Arteries somewhat

Veins are slightly dilated; some of the

smaller t wigs are lost in the exudations.

Scattered

over the fundus, there are many large, yellowishwhite plaques, and several, roundish hemorrhages.

There

is one hemorrhage at the temporal mar gin of the disc.
Similar condition in right eye.
Note :

In spite of the present lo w blood sugar

and its absence in the urine, the plate is entitled
"The Retinal Changes in Diabetes Mellitus," because of
the past history of diabetes, and the typical, solid,
waxy appearance of the plaques .

The edema of the disc

may be associated with the later renal involvement.
Description from Plate 65 , Wilme r (129).
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PLATE V
RETINAL CHANGES IN DIABETES MELLI'rIS
(SEVERE)

From plate 65, Wilmer (129)

THE RETINOPATHY OF NEPHRITIS
Duke-Elder (25), divides nephritis into two
main ophthalmolog ical groups: toxic and sclerotic . Included in the toxic group are glomerulonephritis of acute,
sub - acute or chronic nature and toxemia of pregnancy. The
sclerotic t ype includes the vascular sclerosis of primary diff use arteriolar disease .
The following classificati on of the main
clinical states included in nephrit i s was p roposed by
Duk e- Elder :
1) Glomerulonephritis, which may be focal or
diff use. The focal form is unassoci a t ed with hy pertension
and thus i s not characterized by retinal lesions. The ,
acute form h a s increased blood pres s ure and edema, both
evi d ent clinically, but n e ither app ear in the retina . The
chronic f orm is characterized by a retinopathy which includes angio spasm, anemia, edema and exuda tes.
2 ) Toxemia of pregnancy or the nephrosis of
pre gnancy.
3) Primary Nephro - sclerosis
a. Senile atheroscle r osis or arteriosclerosis
uncomp licated by hy p ertension or renal insufficiency .
b . Essential hy pertension or diffuse hyper-7 6-

plastic arteriosclerosis with hypertension
but without renal insuf f iciency.
c.Malignant hypertension or malignant nephrosclerosis.
The development of a temporary hypertension
in the experimental serum nephritis of rabbits was reported by Arnott, Keller and Mathew (7) in 1937. The
height and course of the hypertension were similar in
many respects to that seen in clinical acute glomerulonephritis . They were convinced that this type of acute
glomerulonephritis was reflex in origin since previous
renal denervation prevent ed its occurance. On the other
hand, similar studies of blood flow in cases of chronic
glomerulonephritis and in essential hypertension indicate
that the periferal constriction is not due to vasomotor
reflexes.
It is genera lly agree d tha t retinopathy does
not occur in the first att a ck of a cute glomerulonephritis.
Slocum (102) and Friedenwald (32). In the remitting, subacute forms retinopathy doe s occur and in the chronic
form lt is s e en in almost every pa tient . Moore (83).
Retinitis may develop in chronic glomerulonephritis as a result of three main f a ctors: edema;
anemia; and angiospasm . Duke - Elder (25). Edema, in and
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und er the retina without the usual characteristics of
a retinitis may exist in some patients with bo t h persistent, moderate hypertension and g enera lized edema.
These patients show pathologica l changes similar to
thos e seen in the subchronic cases of trench fever.
The subretinal edema may be suff ici ent t o detach the
retina. In other cases of chronic glomerulonephritis
in which an elevation of the blood p res sure is absent
or minimal, but in which secondary anemia of a severe
grade i s pr e sent, hemorrhages and cot t on-wool pa tches
appear in the r e tina. Such a retinitis cannot be distingu i shed f rom any other type of anemia. In cases in
which the blood p re s sure is mild ly r a ised the presence
of tonic na rrowing of the retinal a r t eries may h e lp to
distinguish the retinitis from that s e en in prima ry
anemia in which the retinal arterioles are dilated somewhat because of the a s soci a ted low blood pressure and
decrea s ed vascular tone. Edema is a l ways present in the
typical case of uncomplicate d renal retinopathy , but
this may be only to a small de gree, in which case the
margin of the disc is blurred sli ghtly .
Cases with no changes in the retinal arte r ies
may hav e an acute a ngiospastic retini t is as a terminal
event. In such a case, only generalized narrowing is
seen in the early stages. Anemia of the disc and the
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absence of localized spastic constrictions of the arterioles distirtguishes this type of retinitis from that seen
in the acute vasospastic disc with hypertension . Anemia
is very characteristic of chronic glomerulonephri t is.
Angiospastic retinitis of the "albuminuric" type, with
edema of the discs, diffuse edema o f the retina, cotton•1001

patches, hemorrha_ges, macular stars and visible

sclerotic changes in the arterioles , is seen in patients
with complications or associated diff use arteriolar disease and hypertension . It is often hard to tell from the
ophthalmologi~al picture that glomerulonephritis has preceeded the onset of the dif f use arteriolar disease , and
al s o, the hypertension . When se en early, anemia of the
retina is suggestive of glomerulonephritis.
In a study of 56 cases of chronic glomerulonephritis, Graham (43), concluded tha t the most characteristic picture found in the retina was that of acute
angiospastic retinitis without chronic sclero s is of the
arterioles. The onset of a retinitis of a purely acute
angiospastic type without chronic sclerosis of the retinal arterioles is an extremely grave prognostic sign.
Graham found the mean life expectancy to be four months
in these cases.
However, angiospa stic lesions with sclerotic
lesions in the retinal arterioles, which preceed the
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development of the retinitis by some time, are less
frequently seen in chronic glomerulonephritis than in
primary diffuse arteriolar disease . .. hen they do occur
to ge ther they indicate that the nephritis has been complicated by the development of diffuse arteriolar lesions
which may assume the dominant role from then on.
The caliber of the arterioles is lessened in
uncomplicated renal retinopathy.
The hemorrhages are superficial, sma ll and
flame-shaped. They tend to lie near the larger ves s els.
However, they may appear in any part of t he retina and
may be deep and round.
A typical case of uncomplicated renal retinopathy almost constantly includes white exudate-like masses that have many shapes and pa tterns. In the acute toxic
states the cotton-wool patches are usually seen. These
are referred to as 11 soft 0 hemorrhag es, in contra-distinction to the

t

hard", clear-cut exudates of diabetic retino-

1

pathy. The exudates may, be placed above or below a vessel
and they tend to lie in the central area. If the p:1tient
survives the acute toxic state the exudate is absorbed
completely. Between the macula and the disc there are usually a number of small, sharply defined white spots.
Most often they are arranged in a radiating star shape
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around the macula . Fine radiating lines, suggesting
edema, often preceed the fo:rmed star. The rays of the
star are arranged as the spokes of a wheel and each
spoke ls made-up of minute dots or straight lines.
It may g enerally be concluded that a chronic process
is being dealt with if the descrete white spots are
seen between the disc and the macula , and if the star
is present. Likewise, the presence of edema should lead
one to conclude that the process is a toxic one.
In a long-st anding case of renal retlnopathy
all that may be seen by a fundus examination is a few
white spots and attenuated arteries. In other cases,
papllledema may simulate the picture ~een with a cerebral
tumor but there usually are a few diagno stic spots of
exudate and edematous lines around the macula . Graham
(42) found the blood pressure of patients with glomerulonephritis with retinitis, higher at the time of onset of
tre retinitis

than the blood pressure at a similar time

of the disease in patients without retinitis.
Advanced arteriosclerosis may complicate the
picture - the vascular changes may be more obvious than
the retinal changes; hemorrhages and a thrombosed vessel
are often seen. Detachment of the retina is often seen
in advanced nephritis with generalized edema but i ¼ is
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much more frequent in the retinopathy of toxemia of
pregnancy. Detachment of the retina in nephritis is
a bad prognostic sign.
The retinal lesions tend to follow a definite
order of sequence. The retinopathy lessens and the
lesions are less intense if the patient survives.
Hemorrhages and exuda tes disappear after a few weeks
and the discrete, hard, white spots tend to absorb after
a few months. However, as the white spots are absorbed
new ones tend to form in new locations. At first the
veins are swollen and full, later they are narrow, become wavy and are ensheathed by parallel white lines.
The arteries l a ter a ppear thinner and they too, have the
parallel white lines ensheathing t hem. When the exudates
fade they form a fine, white, powder-like pattern . The
aforementioned changes and sequences occur after a period of time no matter whether the patient gets progressively worse or progressively better. Once the retinopathy
occurs and fades it will not recur even though the patient
suff ers several remissions and fina l ly dies in uremia.
Graham (42), stresses the fact that the retinitis may occur months before death, that it may regress
and disap pear, that it may appear only in the terminal
stages of glomerul onephritis, and that it may have regressed

- 82 -

completely by the time death occurs.
Clinically it seems obviou s that the most
severe for ms of retinal vascular di s ease and of retinitis
can develop in the course of h ypertensive di s ea s e without evidence of renal impairment. When severe renal insuff iciency occursp.n associ a tion with retinitis in patients
who have prima ry hypertension, it seems probable that the
renal damag e is not the significant feature of the disease, but that it is only a part of a widespread injury
to the vascular sy$tem. Page (94).
Trench nephritis, as it occured in world war I,
was characterized b y the development of an acute glomerulonephritis. Hypertension existed f ive to ten days in
favorable cases and then the blood pressure fell to normal, coincident with the improvement of the diuresis and
the edema. Horniker (54) and Keith a nd Thomson (62). At
this time the fundus usually appeared normal. In a few
cases there was peri-papilla ry edema and a few hemorrhages.
Sundell and Nankivell (105). These mild chang es probably
occured secondary to the general tox emia which caused the
d isea se picture. The fulminating ca s e of acute glomerulonephritis may have a vasospastic ret initis due to the
r ap id increase in the blood pres sure. In the more marked
cases in which resolution failed to follow, more marked
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retinal chang es tended to appear after six to ten weeks
and then hemorrhages, exudates and massive edema was the
usual picture. Moore (84), Keith and Thompson (62). A
certain number of the cases of trench nephritis showed
delayed general improvement.
A typic a l case showed edema and hypertension
clinically. At the end of three mont hs the retinal findings were the following : 17th day the fundi were normal;
50th day a mild retinitis developed; 90th day there was
a diffuse retinitis including neuroretinal edema.
Hornik er (54) found varying degrees of edema
of the papilla and the peri-papillary retina in 25% of
his 571 cases. He thought the edema was an initial
symptom since it was transient and was seen most frequently in acute cases a few day s after the onset of
the nephritis.
General practitioners f r e quently ask ophthalmolo gists if it is possible to distinguish chronic nephritis from es s ential hypertension by t h e retinal finding s. In the presence of an albuminuric retinitis they
often a sk whether the retinitis is the result of a chronic
glomeruloneph ritis or of a ma lignant hypertension, If
the retinitis is of the angiospa stic type it is not
alway s possible to decide. Chronic g lomerulonephritis
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is often complicated by diffuse arteriolar disease,
which in the later stages may assume the dominating
role in the patient ' s sy-mptoms. However , if an acute
angiospastic retinitis is superimposed on a well developed sclerosis of the retinal arterioles we can safely
say that the retinitis is the result of a malignant
hypertension even though the clinical history is more
or less definitely diagnostic of an acute nephritis.
The acute angiospastic retinitis which appears
I

abruptly as a more or less terminal complication of chronic glomerulonephritls is superimposed on previously normal retinal vessels. If a retinitis of this type is assoc iated with anemia of the optic disc and choroid, the sys temic disease will prove to be mainly chronic nephritis.
Retinitis attributable to the severe secondary anemia
v.hich accompanies the renal insufficiency is much more
characteristic of chronic nephritis than is retinitis
of the angiospastlc type. The prognostic significance
of the former type in cases of chronic nephritis is
equally serious since its development ls usually coincident with definite progression of the renal insufficiency. Such a retinitis is never seen in essential
hypertension, even in the presence of arteriosclerotic
nephritis. Wagener (118).
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A characteristic diffuse edema is seen at
times in cases of subacute or chronic glomerulonephritis in which there is marked edema. A patient who
has hypertension, renal insufficiency and retinitis of
the anemic or edematous type almost surely has chronic
glomerulonephritis.
If, however, the patient has angiospastic
retinitis, the differential diagnosis is not definite.
Especially in the later stages of such a retinitis it
may be impossible to distingu_i sh the retinitis of malignant hypertension from that of chronic glomerulonephritis by an eye ground examination.
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RETINOPATHY OF THE TOXEMIA OF PREGNANCY
Until comparatively recently no observations
of tre retinal aretrioles were made in patients with
toxemia of pregnancy since the ophtha lmologists were
not consulted until the patient complained of a loss of
vision. By that time the retinitis was well established
and the usual diagnosis of chronic nephritis was made.
In 1918 Volhard (109) suggeste d that general
arterial spasm was responsible for the hypertension,
convulsions and renal symptoms seen in eclampsia. The
careful studies of Mylius (87) in 1928 on the retinal
a rterioles, furnished the first evid ence that arterial
spasms did occur in the toxemias of pre gnancy. He found
that the spa sms definitely antedated the appearance of
the retinitis and t hat the spasms mi ght disappear without leaving any visible organic changes in the vessel
walls.
The finding s of "albuminur ic 11 retinitis had
a l ways been pathognomonic of a chronic nephritis until
&mparatively recently. In 1915, Miller (80), reported
t h at retinal hemorrhage and albuminuric retinitis were
fre quently found in chronic nephritis", but were uniformly absent in preeclampsia. Moreover, when amaurosis
devel oped in the latter condition, i t was due to retinal

- 8 7-

edema or to d eep-seated de generative proces s es. Later
work has confirmed these st a tements. However-¢' the absence of albuminuric retinitis occurs in only a fraction
of the cases, and its a bsence does not rule out the existence of renal disease.
There was also a tendency among obstetricians
to differentiate between "albuminuric" retinitis and
"retinitis". Today it is believed that the all important element in the production of these retinopathies
is time, and tha t most pati ents with cotton-wool patches
and hemorrhages will later develop t he characteristic
picture of "albuminuric 11 retinitis unless tre pregnancy
is terminated. It is now believed tha t albuminuric retinitis is more often the result of diff use arteriolar
disease than it is of primary glomerulonephritis in the
pregna nt woman.
There is no unity of opinion re garding the
classification of the toxemias. The ophthalmologist
must bear two facts in mind when considering any classification: t hat primary glomerulonephritis or essential
hy pertension may exist before the pregnancy and remissions may occur with the resultant toxic manifestations;
that the blood pressure may rise acutely or gr adually,
coincident with, or preliminary to, the appearance of
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a toxemia in a previously normal woman.
The fact that all elevations of the blood
pressure seen in pregnancy are not secondary to primary
nephritis was conclusively shown by Corwin and Herrick
(19) and by Herrick and Tillman (51).
The toxemias of pregnancy are characterized
by an acute onset, the presence of marked hemorrhagic
and exudative retinal changes accompanied by an edema
so massive that detachment of the retina frequently
occurs. The retinopathy rapidly resolves and leaves
few traces if the etiological agent is removed. The
prognosis for both life and vision is relatively good
in this case.
Various authors place the time of its most
frequent appearance at or after the sixth month of
pregnancy. Schultz and O'Brien (98) .

25% of the living

babies born of toxemic mothers are delivered before
the 28th week. Hallum (48). Some of these women show
vascular or renal disease prior to the toxemic symptoms,
but many others do have vascular sclerosis or nephrosclerosis. Hypertension is a common clinical finding.
~!hen the blood pressure reaches 150/100 nnn. Hg. retinal
lesions make their first appearance, and when tre blood
pressure reaches 190/125 nnn. Hg . the lesions are marked.

-89-

The retinal changes run parallel with the severity of
the hypertension a nd therefore of the toxemia - they
do not dep end on the d es ree of renal involvement.
Semple (100) .
The first visible ocular s ign of · a toxemia of
pregnancy is a n attenuation of the r et i nal arterioles ,
with a hardening of their reflex associated with a rise
in the diastolic blood pressure . This fact alone makes
a routine eye examination of primary importance in such
patients. This thinning of the arterioles usually occurs
k
first in the nasal perW,-ery but gradually spreads tow~ rd
the disc and becomes generalized. This usually remains
until pregnancy is terminated .
It is of interest that in the toxemias of
pregna ncy the presence or absence of spasms in the ret inal arterioles cannot be definitely correlated with the
height of the blood pressure . Often the condition of
the retinal arterioles seems to be a more reliable
guide to the severity of the toxemia than is the observation of the blood pressure . Angiospasm often aggravates
the condition so tha t l ocalized constrictions appear.
The angiospasm may lead to edema and regional obscuration
of visual fields.
Do ggart (22), stresses Cour points in retin al
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detachment in eclampsia: rapidity of onset; subretinal
fluid; no hemorrhage or exudate with extensive bilateral detachment; and the generally good prognosis.
The angiospasm is followed by organic sclerosis
and in severe cases by hemorrhages, exudates and edema.
These three lesions also make up the picture of renal
or hypertensive disease. A macular star is often the
result of edema but flat macular detachment also occurs.
Schultz and O'Brien (98), found 47 cases of hypertensive
toxemia of pregnancy in a study of 2,365 pregnant worn.en .
Of these, one third had visual disturbances . The retinal
changes were found to parallel the severity of the hypertension and thus of the toxemia. The average blood pressure of women with normal fundi was 165/109 mm. Hg .; the
women with angiospasm had an average blood pressure of
181/118 mm . Hg .; and those with edema, hemorrhages and
exudates had an average blood pressure of 199/137 nnn . Hg .
woman with established sclerotic changes
in the retina preceeding pregnancy , is in a dangerous
condition if further retinopathy develops during pregnancy. Duggan and Chitnis (24). Pregnancy can be continued under adequate supervision in a woman with attenuated
arterioles if she is kept in a pre-toxemic state. Termination of tre pregnancy must be kept in mind when angio-
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spasm is seen, but, oolerosis, hemorrhages, exudates and
edema, if present, are direct indications for terminating
the pregnancy.
Good results are obtained if the pregnancy is
terminated,for the vision improves and the retinopathy
subsides. Termination does not always yield such good
results when chronic nephrosclerosis existed before the
toxemia developed.
Clinically, three stages are seen in the
typical case of acute toxemia of pregnancy: the spastic
state with angiospasm of the arterioles ; the stage of
sclerosis; and the stage of retinopathy with edema ,
hemorrhages and exudates·.
Complete recovery is obtained when treatment
is instituted in the first stage. Once the sclerotic
changes are visible in the retina the blood pressure
tends to stay high permanently and there is usually
some degree of nephrosclerosis. 60% of all cases have
been found to be

in the first group with angiospasm ,

and 40% have been found in the other two groups . In
cases with sub-acute character, with changes ranging
from sclerosis to t h~ more severe changes described,
in which pregnancy has been terminated, there may be a
latent period of several years duration during which
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the only symptom is a slight increase in blood pressure.
However , during these several years, the vascular sclerosis progresses so that finally func t ion is impaired in
the vital organs. Thus it i _s t hat the symptoms often
vary in the late st ages of sclerosis. The condition
may simulate malignant h ypertension, terminal chronic
nephrosc l erosis or hypertensive encephalopathy, and
may terminate in either renal, cerebral or cardiac
death . Duke-Elder (25).
In 1932, Stander (103), reported hemorrhagic
retinitis in two patients suffering from severe vomiting of preenancy. He advised routine and repeated eyeground examinations in all patients with vomiting of
pre gnancy and advocated the interrup tion of pregnancy
should hemprrhagic retinitis develop . Since then, Tillman (108), and others have reported fatal cases of hyperemesis gravidarum with retinal hemorrhages. The character of such hemorrhages makes it probable that the cause
is a change in the permeability of t h e cappilary walls.
the appearance of retinal hemorrhages in vomiting of
pregnancy must be re garded as a definite indication for
the termination of the pregnancy.
The classical diagnostic triad for toxemia
of pregnancy , hypertension , edema and albuminuria, should
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have a fourth item to make it complete, that of the
retinal changes. Schultz and O'Brien (98).
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PLATE IV
CHORIORETINITIS WITH DETACHED RETINA
Ophthalmoscopic exam: Fund us clear.
plus 0.5 Diopters lens.
b es t

Best seen with a

Macula, slightly edematous;

seen wi th a plus 2.0 D.

Retina detached below.

Over the lower portion of the detachment the red-reflex
is good; but there are some pigment changes that resemble a mosaic; best seen with a plus 10 .0 D.
visible under lower portion of retina.

No fluid

At the upper bor-

der of the detachment, the fluid under the retina gives
a bluish- white appearance

suggests the snov,-capped

mountains of a Japanese print .

The upp er margin of the

detachment is seen b e st :1 i th lenses from p lus 4 .o D to
p lus 6 . 0 D.

In the lowe r, temp oral quadrant, there is

a fairly larg e bluish- white retinal exudate; and above ,
many smaller white spots .

In the undetached retina the

vessel light-streaks are normal.

They dlsappear as the

vessels climb over the margin of deta chment ; and reappear
over the detached portion when vlewed at right angles.
The sides of the venous loops seem almost black from the
deflection of the returning li ght ray s.
Description from plate 46 , Wilmer (129).
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PLATE

YI

CHORIORETINITIS WI'rH DETACHED RETINA

From plate 46, Wilmer {129)

PART VIII

CONCLUSIONS

SUMMARY

1. It is evident that vascular retinal lesions have
no direct relationship to the retention of nitrogenous waste products in the blood.
2 . Angiospasm always denotes hypertension.
3. Arteriovenous compressions always indicate a longstanding hypertension, whereas no time factor can
be ascertained by observing an angiospasm. The compressions always indicate an enlarged heart due to
hypertension. If the heart is enlarged and no compressions are found the enlargement is not due to
hypertens ion but to some other fact or.
4. Banking of the venuole is ~ue to the arteriovenous
compression and always indicates hypertension.
5. Early hemorrhages are flame shaped and late hemorrhages are rounded.
6 . A previous episode of retinitis is a lways indicated
when periarterial sheaths are o bserved.
7. Widening of the central light reflex is observed as
early as angiospasm in the hypertensive retina.
8 . Contrary to the opinion held by some, hemorrhages
and exudates are of no prognostic v a lue in retinal
arterios clerosis. Arteriosclerosis advances due to
repeated vasospastic episodes.
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9. Angiospasm is the earliest pathological finding
in Essential Hypertension and is thus of more
diagnostic value than the mercury pressure reading in the early stages of the disease. It is important to differentiate the late stages of Essential
Hypertension from the earliest stages of Malignan:t
Hypertension, for if, in a patient with the former
disease , the blood pressure is lowered therapeutically,
vital centers may become anoxemic due to the fibrotic and sclerotic changes that have occured.
10.Angiospastic retinitis superimposed on arteriosclerosis always indicates Malignant Hypertension, even
though the clinical picture points to an acute Nephritis.
The retinopathy of Malignant Hypertension is differentiated from the typical Renal retinopathy of Glomerulonephritis by the extreme papilledema. The prognosis of a patient with Malignant Hypertension can be
predicted by using the figures presented in the four
g roups discussed .
11.Chronic Glomerulonephritis is suggested if a "soft"
exudate, flame shaped hemorrhage and a macular star
are seen. A patient with hypertension, renal insufficiency and retinitis of the anemic or edematous
type, almost surely has chronic glomerulonephritis .
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Retinitis due to secondary a nemia which accompanies
renal insufficiency is more characteristic of chronic
glomerulonephritis than is the angiospastic retinitis
type. Retinopathy usually does not occur in the first
attack of acute glomerulonephritis but it is seen in
later attacks. The onset of a pure angiospastic retinitis in a case of acut e glomerulonephritis is a
grave prognostic sign, ho wever, the prognosis of most
other conditions with acute ang iospastic retinitis is
go od.
12. The retinitis of diabetes is probably due to the
accompanying arteriosclerosis . Diabetic retinopathy
is characterized by solid, clear-cut exudates, the
incomplete or absent macular star, deep rounded hemorrhag es and the absence of edema.
13. The clas si c a l diagnostic triad for Toxemia of
Pregnancy, hypertension, edema, and albuminuria ,
should have a fourth item added to it, that of retina l chan g es. Attenuation of the retinal arterioles
in the nasal periphery of the retina, with hardening
of their reflex, is the first visible ocular sign of
a toxemia of pregnancy . This fact a lone makes a routine
ophthalmolog ic a.l

examination of utmost di a gnostic im-

po rtance in toxemia of pregnancy. The finding of sclerosis, hemorrh s g es, exudates and edema is a direct in-
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dication for the termination of the pregnancy in a
toxemic woman.
14. A complete physical examination of a person
su spected of hypertensive disease must surely include a funduscopic examination with the ophtha lmoscope. There are those among the g eneral practitioners who h a v e not yet learned to use this instrument to the fullest extent. The ophthalmoscope
should be to the practicing physician what the
microscope is to the pathologist, and more, for
funduscopy presents the physiologic a l

st a te of the

vascular system in vivo. The majority of Hypertensive
individuals are c a re d for by their f amily doctors,
the g eneral practitioners, and few of them ever see
an oculist unless they have some eye symptoms. Because
of this fact it is imperative for the g eneral men to
be acquainted with t h e essenti a ls of the retinal lesions
in hyp ertension. These lesions have di a gnostic and prognostic value and they should be used to the fullest
extent.
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